Introduction
,Soil moisture in Cinchona growing regions may fluctuate greatly with seasonal changes in rainfall; prolonged droughts are experienced almost annually. On the other hand, during the peak of the rainy season the same soils may remain at or near saturation for extended periods. For example, at the Toro Negro National Forest in Puerto Rico, where Cinchona is being grown experimentally, the 23-year-average rainfall for two-week periods from January 1 to March 25 was 2.04 inches with frequent periods of drought. In the current year only 0.21 inch fell during January. From August 13 to November 18 rainfall averaged 5.69 inches for two-week periods. The average total annual rainfall for 23 years was 96.37 inches (4) .
The above extremes in soil moisture may be expected to exert marked influence on the growth and composition of Cinchona. HEnNICKE, BOYNTON and REUTHER (3) demonstrated that a flooded (poorly aerated) soil produced symptoms in the apple typical of boron deficiency when the soil was not deficient in that element. It was also indicated that lack of oxygen in the soil interfered with the absorption of nitrogen and potassium. WAGER (6) showed that avocado plants were more susceptible to disease if grown in a flooded soil than if watered normally.
During the first year from seed, Cinchona plants are primarily herbaceous. It is during this tender stage that soil moisture is most likely to be a critical factor affecting growth. Since the plants are grown in palm-leafcovered nurseries during this stage it is fairly easy to correct a deficiency of soil water by irrigation, but more difficult to prevent an excess during the rainy season. Cinchona nursery plantings have been observed which were apparently healthy during three-fourths of the year, but with the advent of heavy daily rains during the peak of the rainy season the plants developed symptoms typical of nutrient deficiencies and many succumbed to fungus attack.
The experiment reported here was designed to study the effect of low, medium, and high levels of soil moisture on growth and alkaloid content of young Cinchona ledgeriana seedlings under controlled conditions.
Materials and Methods
In March 1946 seedlings of Cinchona ledgericna. were transplanted to soil in concrete benches located in three air-conditioned greenhouse chambers, described elsewhere (7) . The bench in each chamber was divided into three randomized plots each about 25 inches square. The plots were separated by a double partition of boards spaced 4 inches apart. One hundred and forty-five pounds of a uniform mixture of soil were placed in each plot. The soil consisted of equal parts of clay loam, silica sand, peat moss, and leafmold. The wilting point was 9.5%o moisture and the field capacity approximately 36%7. The wilting coefficients were determined as the percentage of moisture remaining in the soil at the time of permanent wilting of soybean plants growing in the soil. With this information on soil moisture characteristics it was possible to establish treatments as follows: (1) Low soil moisture ranging between 9 and 13%, (2) medium soil moisture ranging between 18 and 24%, and (3) high soil moisture ranging between 30% and field capacity.
The Cinchona seedlings were selected for uniformity and were about 4 inches high when transplanted. Sixteen seedlings, five inches apart, were planted to each plot.
The temperature in all chambers was maintained at 750 F. during the day and 650 F. at night. In the previous experiment (7) this temperature was found to be the most favorable for growth of C. ledgeriana. Relative humidity was maintained as high as possible by continually spraying the floors with water. During the middle of the day relative humidity usually dropped to 60 or 70%o but most of the time it ranged between 80 and 95%.
All plots were watered uniformly at regular intervals through March and most of April. On April 25 all plots were watered to field capacity and then allowed to dry gradually until the wilting percentage was approached on June 14. Samples for soil moisture determinations were taken at weekly intervals during the drying period and from these data the approximate rate of water loss in each plot was calculated. Since the weight, volume, wilting point, and field capacity of the soil were the same in each plot it was possible to determine fairly closely the amount of water needed to bring the soil moisture content to the desired levels. At the time the differential soil moisture treatments were begun on June 21 the soil moisture in all plots was near the wilting point. Different volumes of water were added to the various plots in order to raise the level of soil moisture to the maximum percentage for each treatment range. For example, sufficient water was added to the low-moisture plots to bring the level to 13%o, to the medium-moisture plots to bring the level to 24%, and to the high-moisture plots to bring the level to field capacity. The approximate volume of water necessary thereafter for each plot was determined from tables prepared from data obtained as described above. The required volume of water for each plot was applied uniformly over the entire area with a sprinkling can. At intervals of 7 to 10 days soil plugs j inch in diameter were taken from four locations in each plot. Each plug extended to the entire depth of the plot so that the moisture percentage obtained represented a fair average of the volume of soil in which the roots were distributed. After the sample was taken the holes were filled and a new location sampled at the next date. The percentages of soil moisture were determined from the loss in weight of soil dried for 24 hours at 1050 C. From the soil moisture data thus obtained it was possible to estimate the approximate time required for a plot to reach the point when water should be needed. Also, maintenance of the desired soil moisture percentages was facilitated by the fact that the rate of water loss by transpiration and evaporation was fairly uniform due to controlled temperature and humidity in the chambers.
The experiment was terminated on January 6, 1947, at which time the soil was washed from the roots. Data on height and fresh and dry weights were obtained and the top-root ratio was calculated. The roots and stems were analyzed for quinine and total alkaloids by the method described by LouSTAr and PAGIN (5). The leaves were analyzed for ash, nitrogen, phosphorus, potassium, calcium, and magnesium by the methods outlined by DROSDOFF and PAINTER (1) .
Results EFFECT OF SOL MOISTURE ON GROWTH AND ALKALOID CONTENT Figure 1 shows a weekly record of the soil moisture percentage in the three plots of replication Number 1 . A typical soil moisture record for plots maintained at high-, medium-, and low-moisture levels. Growth of Cinchona seedlings in these plots is shown in figure 2. the other two replications. There were some rather wide fluctuations in soil moisture at first, particularly in the medium-soil-moisture plots, but with additional experience it was possible later to control the soil moisture within the designated range. The moisture level that fluctuated the least and consequently was the easiest to control was the low-soil-moisture treat-relatively high, a situation similar to that occurring in most commercial cinchona plantations.
About three months after the treatments were started, small yellow spots which later became necrotic appeared systematically between the veins of leaves of plants in the high-soil-moisture plots ( figs. 2 and 3 ). This disorder which somewhat resembles magnesium deficiency (2) or manganese toxicity in other plants later became more pronounced and occurred on nearly all the plants in the high-soil-moisture treatment. Some of the plants lost as much as three-fourths of their foliage. A few of the plants in the medium-and low-soil-moisture plots showed these symptoms but the incidence was less than one-tenth that in the high-soil-moisture plots. This disorder often has been observed on young cinchona trees in the station planting at Toro Negro at 3,200 feet elevation. It is not certain if the disease is pathological or physiological or a combination of both, but it is clear that a high-soil-moisture condition is associated with it.
It is evident from data in table I that seedlings grown at the low-soil- moisture level made less growth as measured-by height and fresh and dry weights than seedlings grown at medium-and high-soil-moisture conditions. These differences were significant at the 1o level. As might be expected, the percentage of dry matter in the plants grown in low soil moisture was significantly higher than that in plants from the two other treatments. The differences in height anid fresh and dry weights between plants grown in medium and high moisture were not statistically significant. Survival was good and fairly uniform in all treatments; it was slightly but not significantly higher in the medium-soil-moisture plots. The toproot ratios of the plants grown in medium and high soil moisture were not significantly different from each other, though both were significantly greater than the top-root ratio of plants grown under low-soil-moisture conditions.
The total alkaloid and quinine-sulfate content of the roots and stems are given in table II. The roots of plants grown under medium-and highsoil-moisture conditions contained significantly higher total alkaloid and quinine sulfate than the roots of plants grown under low-soil-moisture con--1- ditions. There was no statistically significant differences in the total alkaloid content of the stem nor of the quinine sulfate content of the stems and roots of the plants in the three treatments.
EFFECT OF SOIL MOISTURE ON MINERAL COMPOSITION
From the data presented in table III it is apparent that the soil moisture treatments had a moderate effect on the mineral composition of the leaves. The percentages of ash, calcium, and magnesium were somewhat higher in the leaves from plants grown under low-soil-moisture conditions than in those from plants grown under medium-and high-soil-moisture conditions. Leaves from plants grown under high-soil-moisture conditions contained the lowest percentage of ash, calcium, and magnesium, while leaves of plants from the medium-soil-moisture plots were intermediate with respect to these constituents. The reverse situation was true, however, with respect to the nitrogen, phosphorus, and potassium contents of the leaves.
Leaves from plants grown in low-soil-moisture plots contained significantly the least of these elements. There was no significant difference between the contents of these elements in leaves from plants grown in high-and medium-soil moisture. 2. Leaves of seedlings grown under high-soil-moisture conditions developed necrotic spots between the veins and many of them eventually yellowed and abscissed. This disorder, which resembles magnesium deficiency or manganese toxicity in other plants, has been commonly observed in the station field plantings at Toro Negro National Forest, Puerto Rico.
3. Seedlings grown under low-soil-moisture conditions were significantly shorter with a lower top-root ratio and less fresh and dry weight, but a higher percentage dry matter than seedlings grown under either medium-or high-soil-moisture conditions. 4. Total alkaloid and quinine sulfate in roots of seedlings grown in medium and high soil moisture were significantly higher than those in roots of seedlings grown in low soil moisture.
5. Percentages of ash, calcium, and magnesium were highest in plants grown in low soil moisture and lowest in plants grown in high soil moisture. The nitrogen, phosphorus, and potassium contents, however, were significantly the least in plants grown in low soil moisture. 
